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flu-sis*. ' 

1 Oifellt £ * 10 

[88*312] i!fiiElf?2rof?<^ai@<a#ffl»<D;tf*J£ 
^3^5, 2 0To r rWTt'fe5:i^i:t5lf*fl 

indies] WiK.^2<Dm^mx.u<D^m%^>^^B 

2To r r»±20To r r^Tt'feSri^ 

1 a>£> 3 o^fji,i> 1 ^iciBttogasimfcStJBi*^©! 

it**., 

To 



^ yH^-lcfc^Tv 

^t^W 5 , S iRXfB i SrS*-. TaXliT i <D'pt£ 



40 



50 



[00 0 1 ] 

(dw&Jj&s $mm&mmm*. yam- 

[00 0 2] 

mttSrWffl ITDRAM^MM I cm*f*i/#Kh, 
[0 0 0 3] ^HfeOjett^/Sffl-r^^^BB*© 1 * 3 ^ 

aaiRm^satt^^y (fram) (&bi!3B#s£a^ 

<E>«#tfex.*:tt-eft<, SRAM^DRAMC»t5f 

[0004] r<^£ 5ft^M*^3§^te. a®^® 

(Pr) #*J<4»oRtt (Ec) */h$<, ^Sy- 

X 7° p ir ^ (cM^-r 3 K JKJ¥ 2 0 0 nmHTOS 
[0 0 0 5] ^tt, r;h/fe<0JB5£fcfflv^;h,S3fi 

LTtt, PZT (^V^vvUrs^g^ Pb 
(Ti, Zr) O3) W^I^W^P^^^f h«Jt 

^1-5o ^co^*. y— ^««#«*U/t5, 3E»-^« 

tt^^-y i5F RAMtrJti-5«#ljix.S:%x.5 i:. 
g^m*t-MUTfi, 1 0 15 lHlO^©Stemt^14^^ 

jb*s ft ^ r. t zmx. u ft t jfttf ft b ft ^ fc » , ft 
[0 0 0 6] ^^^^Stt«Jt-ft:« 

^feffflll 1 9 5 9<^^, Smolenskiife(Cj:oT^^ 
$H (G. A. Smolenskii, V. A. Isupov and A. I. Agranovska 
ya, Soviet Phys. Solid State, 1, 149 (1959) ) , *<D^ 
SubbaraoK X 9 P^ft^f^^ft ^ixfc (E. C. Subbarao. 
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J. Phys. Chem. Solids, 23, 665(1962)) 0 *5fi, Carlos A. 
Paz de Araujofefi. ^ <0 ^/■*t«tit'fk-&*»JR 

(International Application No. PCT/US92/ 10542) 0 
[0 0 0 7] »R«flcJW!!0»Jt*fe^tt, X£ 

XI1MOD (Metal Organ icDecomposit ion) fe, MOC 
VD (Metal Organic Chemical Vapor Deposition) $; 

[0 0 0 8] ±tZj$.mfe<D*X\ ^^VjfeXttMOD 

art, m^^^^^K^m^^mxh^^t, m& 

[0 0 0 9] 4$Ki* ±IEif^^^Jl*tflt3t^t;'S'**lB!© 

ft#:^Xti^M;^*^ 5 Mig$tU^ (International 
Application No. PCT/US92/ 10542, PCT/US93/ 10021) 0 
[0010] 1) «-frT/^'>K**^*S*trB#*Sft 

[00 11] 2) ©Ififc:*3^-CRJ5£j*L 

1 5 o'c-ea om^m^m. nbtitcm&mmnm-t 

sx*i 0 

[0 0 12] 3) «+©#»*fife»SrJR»»»*i-Sfc. 30 
ftfcRTA (Rapid Thermal Annealing) ft£:fflV>TS£ 

*#H« ,: f 1 "C7 2 5t:-C3 OffrKk jp!tt*Q:Si"5Xfi. 
[0 0 13] 4) «*r*S*ftS**fc«)»-s ^*#H« 

[0 0 14] 5) ±««tt«r»J5fcl,fcflL 

-C8 0 o°c-c3 o^r^ jpsR^aai-sxSo 

[0 0 15] 4*5, BfrB<0K««r»5fcftfctt\ 1) 
b3) ©XSSrHkOiKU *«fc4) , 5) cDX^SrtT 

[0016] W±co «t 5 It, 5fiKffi*»lKXttW« 40 
[0 0 17] 

J: 5 fct£*<0M O Dftfc: J: 5 3*ft«fle*«<o»JS*feK: 
*5^T, ±amffiSr**i-*ttr»c:«*^*rtT5XS (X 
84) ) |£J:5»«««*W±, 6 5 O^EtTOtt^a 
« T*tt 15 1 A/ if « I Sr» 5 fc ft 
8 0 0ti:i*TiS^T\ 1 NfM t> <Ofi^BJ*Plft 
^SH~<5i&§c#*fcofc (International Application N 
o. PCT/US93/ 10021) 0 Z.<Dtc&>, ffi^ 2 0 0 0 AS 50 



4 

[0 0 18] £fc, ^*cOMOD}£}Cio^Tfi, 
^trv3-h-C#feH5BW*riKll 0 0 0A"£JLtfci"5 

*t 0 >-=>- h-C»feix5BWS:l 0 ooAKTKftSJ: 

0 0 AoOT*r»5fcft^»4*iaott*xatf£*i* 

[0019] y frftftflKb; 

&Ki s fc2> (S. Onishi et al. , IEEE I EDM Technical Di 
gest,p.843(1994)) 0 3SSI«ff»«Sr®lS;i" 
5 fc ft © # H » * © SI t& T*ft P* M <DMW$!M I* , 

&mmftnmtmmb<DRmiz&\iz>&K%£m j $>, #y 

V^y^^y^^ h^W^Kfts ^^9 9 h 

swRojftteaastt, 6 5 otKTT^^wfe^o 

[0 0 2 0] *^PJfi, ±1E»]lI&#ft^Sfcftfc*£ 
[002 1] 

ft, *IPjm4, SS±^T<B«ffi«fc3fiBI«fr»JBii: 
ffiCft^ffiSrAiin LT»tt;^*S:»* LtKUtSIS 
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[0 0 2 2] * ibtC, #*Wett, ±fB<DiMR«fW 
^f^JE^5r. 2 0Tor rKTtlt^So 

[0023] a e>fc, **we»4, ±iBottR«#aMi 

tf*]±fi%, 2TorrKl20TorrKTat^ 
[0 0 2 4] £ #380J-Ctt\ ±|E<Z)34iSI«#:»« 

5 0 0 o C&l±6 5 0TOTtLtt^o 

[0025] $ 6>C **M-ett, ±e<0«B«fMMS 

[0 0 2 6] Sfc* *36M-ett, K«±fc:TSBStt/B£: 



10 



«*^|C43^T, **tt*«®3JS7 0 

[0 0 2 7] — oco^^T s^ffl h?yi/X# k— 20 

j«$^fci|£»flcS4R±SrBE5IBl<o|ft»#i»IRi:, 

^99 h^y^k, ^<o^^99 b'79 9 f ±\zBJ&£ft 

ftm&ik&fafrb&Z Zkk Iti/^o 
[0 0 2 8] Sfcfc. *3SWT?tt\ JlE^SRS*;**- 30 

ik-Sm*. SrSMi^ TaX(lTi©*ft< 

[0 0 2 9 ] "±E<D J: 5 fc. ^W^&RffifftMS*^ 

TAjp|fi*!! ! axS*r«»U"C, Jft*8*Xfi«:*|g||lk0 

SgUTBIfSoiKJPt -tO«, ^lcoSi^SXS^J: 40 

<Dm^^kit^x^m^m<D{&mk^mk^i>k^ 



[0 0 3 0] 

J:5»R«fr»«*^<0«jeS:*-r»rffiia-e&5. Ell 

SKI 0*BBt-IKJ¥2 0 0 nm^!l = ^S&StffcJBt 2 £: 
Jgj*U ^C0±t-, Rj|30nmOTal3, K|2 0 
0nm<0PtE4, MJ¥2 0 0 nm<05SfS«flc»B|-efc 
§SrBi2Ta 2 0 9 il (EtT* S B TW$f£kW*$~) 
5 , JKif lOOn mCO P t ±§(5®® 6 ^^tUKiSfc 
JKfifcSiVC^So >te*5. r^T% y 3 ^jfeSE^JR 2 

£tl±h<OXhiX, <DfflL\Z R u 02"^* I r02#i?<E> 
»«ttMMb*fll4^*ffiv^-ct>Av^ ^U, Tag3 
tt, vy = vH&ttffcJK 2 k P tK4(0**tt3r2fj*LT 

[0 0 3 1 ] El 1 K*-f-»R«fr*fflt*^<Oi!lJt 

[0 0 3 2] *1\ nli/ya^lftloSil:, 
*S2 0 OnmOi/y 3>-fRK4bJR2S:?Kj*i-5o 
*H*o»»Tftt, vy 3V|»BMbBI^«5**fti: b 
X, V !i VS® 1 f 1^ 1 0 0 0 tX^ftt 5 1 1 

tiotMtSo ^tx, rovy 3 vj»^kjR2± 

^ 0 nmOT a IK 3 s> *ftfc<fc 

L N J^^^il^ f^^2 0 0nm(OPti4S:^ 

[0 0 3 3] JUT, ro««±fcSBT3»JBl5SrM^S;-r 

mm&m^xsfa-twmmftwmk usb t^bis: 
[0034] mm»mm^<oitimwMk tx, * 

;Vx^i/F (Ta (OC 2 H 5 ) 5) , t^-e^-2- 

^.^^^rf-^-h (B i (C7H15COO) 2) , 

* hnyf ^-2-xf-;v^t^- h (Sr (C7 

H15COO) 2 ) ^ffiffl"t"^)o 9^9 h^rVK^rff 
(^^S2) , KJS«:ffiiI£-£Sfc«>. 10 

C0Sf^i-2 0ml-30ml 

b d ^^^J^~ 2 -m^/U-s^rf-^— h?:S r /T a = 
l/2fCttS«t5fciB»*P*. (^T^S4) ,125 

•c^bsasa^i 4 o°cx3 oftmmmnirz (^x 

^/^S 5) o 1 0m 1 tO^fi/U^ld 

g«S*fclf^"e^-2-3c:^>'— ^SrS r /Bi /T 
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a = i/2. 4/2l;:ft5J:5fcii***. 

6) x 13 Ot^fciSSfflffl 5 0°C~ei OB^HMJPjfctK 

(^r^S 7) o 
[ 0 0 3 5] ftfc:, :<o^^bi^iOT;^-^ 

i 3 o°c- 1 s or^ajr-es^miKSi-ao 

»?R*^^^ bSrgfc*"f"5fc»U:* 0. 4 5/im}^7 
^v*-CitiS-t"5 Ur^S8) o *»©S 
r B i2.4 Ta 2. 0°9. 6^SSSr 0 . lraol/1 tCffg 

[0 0 3 6] #c^-c, ±E<o«r«**«*rttffl u »T 

«fo3E«±t, ±|BWeff*ttSr«iTU, 2 0IWW3 0 

0 0 r pmt^tVi*tS (^fy^S 10), t<D 

1 0 ot-i 3 octtsrfc^iK, Siiftft^ 
tafttti 2 o , ca*"e*>5. wJxtt. r^M«$5ffli , 9 

tt £ Kit "t" * fc * "C *> S o 

[0 0 3 7] -to>«L ^te*«Sr*«**5fcft, * 

^^Sr 2 5 0°Clc*PSiLfc^iy Yrfu— M-«H*\ 5# 

250 °c— 300 < cg&©»&-efr a**? * \> 30 

l^SltSrSlsia^U Rf 2 0 0 n'm«?MRl 

[0 0 3 8] -t(0«, 'JBl«J*i: LtRTAiSSrffl^ 
T\ ^SE^ifi^f 6 0 0°CT*3 0 45-MOfR*D;3aSr 
ffl^ (^75'7'Sl 3) , EB (electron beam) 
jfcK <fc 0 , Wff 2 0 0 nmCOP t ±UW>U 6 Sr^^ 
*Ufc (7f^S14) o r^SBlj&J&KKV^Ttt, 

o»«-e»4, rt Am*m^x*%j£mm^m%^x*m 

«S.aSrffo/t*s, RTAft£l^fcii*(0lft»3ffi^Srfflv^ 

T, P t ±fflttffiSr 1 0 0 m*©W£i: Ufcis 
ttftt\, 

[0 0 3 9] ±»mffi*j*«, I2K (#« so 



5 

/£) tUt, RTAffi£fflV\ lOTorrSISlg 
+ 0 0°C— 7 5 0°CT\ 3 0 #<0#£J5S;*fr b (^"T 

teRTAftSrffl^T lOTorr BtSlSWffift't-Cft^Sr 

«WW*Ofl£»&*Ti-5- (^r^S 1,6) . 
[0040] 1213, 0 4, ,5:^0 5(4, ±5£<D»[jgX@ 

[0041] 0 3 (4, iRoae^ap r (om^^-t^y 

36«. K2KfifctiJ[* s 6 0 0 , C"T? 1 t>.4 ju C/cm 2 ^_bCD 

{tt^#bixxv^o El 4 (4, r©S«*ftxf1BR Lfctt 

E c©ISr*t^7 7-efcD. 5 0 0 < CEU:"C 
tt«2ftj*a*fcHbTliff-3eoffl[Sr*UTV^5. EI 
5 tc^-T^ff ^f^fi 5 Q (4, El 3 ^ Lfc P r t El £ J: 
5fc. «2^aKK«ffbXi||»U,.IK2jfe*lftft3BS 

[0042] 0 6, 07, ^0814, ^liWS6 
0 0 , C-e*flUE**#fflft K t J "C3 0^MT=— >^Sr^ 
V\ » 2^4:1 0T o r r^*#ISM^ 6 0 0tt3 

4StflFtfeSr^i"^9> r ^*)5o -tbfe)C0^^7f4, 06, 
0 7, SOT8^^m Pr, Ec, RXldQCOm 

V^, Pr, Ec, X t/'6 Q*sppjp«flE 3 veSE^bttft 

[0043] 0 9 [4, J)S 1 ftjAtftft 6 0 0 , C-C**ffi« 

^#11^^X3 0^T^-^SrtT»/\ S2MS:10 
Tor r g&Sf^Bi^^ 6 0 0°Ct?3 0^O7^-^S:tT 
ofc1^:7VMc, mffi3V, Jlftft 1 k H z * 

Lfc^77tfe5. 2X10 11 t^^/W^SRfiftt 

[0 044] 01 Ofi, 3VfP$m<D3£2tittiiLm.&Ktt 
-t-5y-*«flEO»tS:*i-^97t?*>5 0 5 5 0°CW 
±X1if2MfiS^0f)f 6~9X 1 0" 8 A/cm 2 
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- ^ mat <^ ifij p b ft * a> o fee 
[0 0 4 5] unit si *j«aft 6 o o°c-c*fU£ 

K*#Hft I t , "e3 Oftr$T=--^&ft\<\ S2$E/#£l 
OTor r^*#H» c f6 0 0°CT*3 0ft<DT--^Z 
ffofc«OJBI<D*BSEM^3St?fcD, 7 0 0AJ£*T<2 

6 o o'rofcotra**, 7ooA£jit^^ 

6 0 0 < C-e*»BE»*#Hft l t I "e3 0$MWT=— /v«rtT 
V\ 12 g£/&Sr lOTorr ©BHU^HSl* 7 0 0°CT* 
3 05>O7- to -^S:fTofc§'&^ S B Tllli *fl^T% 
.5 00 — 5000 A©a**ft*s^QE U ^2 «y#ffl.&* s 

7 5 0 o C<Dh<VX+ten2mj$,1&&&7 0 0°COtCOJ: <9 

[0 0 4 6] X»mEfC0*S*, 5 0 0tEJl±^l2« 
a*-Ctt, SrBi2Ta 2 O9^^f0i^otl^ 

[0 0 4 7] ±EflH03tlfc©»t«(OJfc»«i LT. ft 

[0048] Bi i 2 mi fc*i-gsB«fr*ji!saf 

3»«i: LTSBT^JK^^r^ft^^XS^'rEIT* 
fc£ 0 I212^^:-rmicr)||JEOf^<DXSi:(IICXS^ 

[0 0 4 9] *Jttt«fc**t4»R«*W«*^<o«a 

T*JKo?KjS;B#<oS2«i^;^xm(o*-e&5o 

ffl5Bc9S 1 ©H1S<Z>7K1»£ LTf 1 1 

00/im^P t_bg&ft;^6 £r*v;*^^tLfcS BTl 
tC^tbT, JtR«9<Ot><0-Cf4, ^2MJrlt, RTA 
ft«r/BV\ *ftffi»*#Hft*-C6 0 0-7 5 0°C3 0 

[0050] 013, 014, Rlfm 1 5 tt. wOitlS 

«©XS^bixfcJKo»2^aftlc:»t-S»««fl* 

[:»LT, ^»<oy— "-¥^17— @BSrffiv^, fpjnttJE 
£ 3 V i UTtTofctcOTfo^o 

I o o 5 1 ] m 1 3 tt, Bioae^ffip r tofissrsH-^ 

77t*)5 0 S2^SWf5t x 7 3 0°C£it 
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\ZP rffittft»fc«4>U 7 0 0 o CJWT-Cte2 /* C/c 
m 2 KTi:*}ltl^*V^tiO, 6 0 0t"ei4BtA/ 
^3fiRfiltt£r*£*>o;fc 0 rix^r, buncos l <£>3^<£> 
^flB£Jfc»i~5J:* Si<^l^<^f§T*fi4/*c/cm 
2«±cDP r«Sr#5<0H:jB2«gj«iaftf4 6 0 orT^T 
teT?fcofc*E (0 3#RS) , ib««-Cttff 2«j«iaK7 
3 0°CU±X^^t 4 ^ C/cm^JKOP rffi*#b 

[0 0 5 2] H14I4, *nCm#E cCOffiSr^bT^O, 
6 5 0t«±TttJB2^a*fcHb-f <ai3f—ft<OffiS: 
5*L/t^3 0 B115tOTtiiliti6Qll EJl3tc 
*UfcP r tlRltJ:5K, S2MM7 3 0t^ 

[0053] ai6tt, 3 vm^<om 2 m&umz-M 

44 £ ( 5 1 Ay if * $ ft ^ t (£> "C fc 5 0 

[0054] mi 7 s i mi&iM.m 6 o o 'c-c^je 

ftflEttSHtWa^ 1 * 3 7 0 0 o CT?3 O^COT^— /I'&rfrofc 
tt, jft:tfe-e\ 1500 — 9000 A<0fefi3KO#ffi*Sff 

[0055] ::-e, Sie^^c^ £Jco^t, 

s i <DmM<D%m<D h<Dt *w&m<o h<ot ttm-r 

30 t^5Eco t *5 9 . Si 6 0 0 < C"C*ftflE»*»H 

itT*3 0^M7-- A'SrffVV *2iJ*Srl0Tor 
r 0>K*#IS«t c f» 7 0 O'C'CS O^^T^— /VSr^ofc 
#-&(OSBTlR-ettjiefi«t*5 5 0 0 — 5 0 0 OAtfco 
fc^ N *Jfc«W-ett±fEO i *3 9 1 500-9000A 
-efc9. Si coj?JEco^fficot oo«5 3JS, Jfc«0y<0t> 

^ft 5 fc tt O^frT?^ lfc:tlb(OSB T^coitKtC 
itttf, S2^SrlMJE<tiPffi:V^^JE^#HMTtT 

[0 0 5 6] at«»«IP r «[3Js»J3c|B]«i:*S 

Si <0Hlfc<B7Kffil-*3^T, flMt^6 0 0 c CX^ 

5:1 0To r r co^#ffl^^6 0 0^3 0»OT^ 
— /^Srffofc^^cos BT^T^fi, H13{:/T:Wc<t 5^ 
Pr(|»4. 2/iC/cm2tfo^ SiW 70 0 
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ttJ*&;«»E8e*#H** 7 3 0°CT*3 0^T~-^ 
Srffofcfc^asp r ffi=#j4. 3/iC/cm 2 tfc!) 

(013#I) , ^ O S B TlSS^af LfegS^O 
SelSO^t ^(1 1 5 0 0 - 9 0 0 0 Atfco fc 0 ClH 

^fc, (SiilD^OP rtt*^#fetb5SBTIR<^ltl!l!Jc:*5 

[0 0 5 7] XlftElSTOitS*, Jfc^W^^T, 650 
°CU±<om 2 »^taft : CH:. S r B i 2 T a 2 0 9 0#*£ 

[0 0 5 8] «±<oJ:5te, fl§*<o»3S*«fe-ett, ^2 
«H^Eii.*SrTJf S Pr, 8 Qm<OMM^WPt V - 

SlBloiaiSo^jlBlcitbtf, JB2»«*:l«J£J:9<ft 

6 5 or«T^3MMMM* y t LT+#fc4m*M»& 

y-^miftwftwa^tBtfcsi:* 

[0 0 5 9] JEAT, *«Wl-J:5lB2<75SiJ6^«gfco 
ti5f 2 <DM1&<OBffliVjb 5 3fiBm#;* ^ y ±&<DW 

saBtfltfM * y -fe/wi, 3? i *S3Sv y 3 >-sts 5 4 co 
±\z % m+mftmmtttts 9 1 , b»<tiR4 0 t , 
K2©»«s!^F#6»a»««E4 1 ^yvy^vy- 

Ki»4 2i:,.*IWI6«K4 3, 4 4, 5 1, 5 2 t, ^ 

46i, PtT»«ft4 7i:, »B«#itR4 8h P 
t^U-h^49t, Ta205'*y7jfe»JR5 0 A 
1 tfy h^5 3 t£fll*L-0>£o 

[0 0 6 0] ro»R«#^^y-fe/KO»a*«fe 

fco^x, hi 8fc*ufc«je©»R«#^^y<o»ji 

*«6©«S:*i-KMBI"C*)4Bll 9 */H^TlWH-4o 
[0061] mi 9 (a) fc*"fJ: 5 tC N J*>f y<?m b 

I, SIB|ft»Bl4 *y bi*#S«^F*6 

fttttttMU i fc»*i-5»»©*^*p^^ b y 
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74&b ^y^-^yfe^R^X^i/Z ? b*— A' 

^(^CMP (Chemical Mechanical Polishing) fetC 

J: 9, BWI6WR4 3i#y vy a^9^4 5(0*B5 

[0 0 6 2] [21 1 9 ( b ) (C^rf* <fc 51^ T i N 

/<y T7«*^Ji4 6 Sr4^*P<0^^yt?jfefc <t OJKff 2 0 
0 0AJt«Lfcft, P tj»fflt4 7Sr^*p©^^y^8fe»c: 
J: 9 If 1 0 0 0 tt T^lSi: t rtf>T§15 
io mm±.^. »B«#:5*I8I4 8tUSrBi 2 Ta 2 Og 
8ffi (ETF, SBTfllflRfclW-) £^/&1-5<DT*fc3 

Mfcfrifc* S0 ^ r.Om^|g^^K$rfflV^TSBTmJ^^^ 
t^jlt© 5 l MS T^Igfj:, iuiSo^ 1 <£>H 

[0 0 6 3] Jg 1 ftriEft© SBTl48iP t TSsm® 

4 7 £T i N/<y T7« ^/Wl4 6 Sr-^ftlCD* hyy^7 
7^iK7^x 7 fy^ffl^T, 3. 0vmft<D 

20 ^^t^PXLT, 1319 (b) \Z7jk1r£ot£BVtt-t 

ft/BUfc#*«tt\ SBTl^AriCl 2 tCF 4 i^ 
P tTS5»C2F 6 KHF 3 tC l 2 £<£> 

[00 64] El 1 9 ( c ) Kifrf- «fc 5 Jglff 3 

0 0AOTa2O5^y7f6fg5 OSr^^y^ft 
30 Sr/Bvv"C*6«U S^T, JB IW#felRiBI 5 1 t LTKil 1 

5 OOA^y =i^Bt^fcJRS:^*qOC VDjfefcTJta 

u s bt^±^ic^*p(d^ h y y ^77^ 

[0 0 6 5] mi 9 (d) l-^i~J: 51-, J^ff 1 

0 0 0 Acop t ±MWfc&tete<Oxs*y*ffiz&9BtiSi 

^*po^ h y y^77>fftt K^-fiy^-^^ifeSr 

ffl^tiiniLt^u- H4 9 1 ifcft, m2(ommm 

tit, RTAftSrffl^TlOTor r<0»*#I»t 
40 t6 0 0tt3 O^COi^I^fiV^, SBTK^^S 

ttetefr^tco s BT^o)KJ?$rSiJ^:ufc 

2000AX*fcofc e 
[0 0 6 6] -ttf>$L ^*PCOSpffl-fbfttl5»Cj: 0 CVDS 

so -ctfs/ bills 3SrJKfifeU, El 8»c*Ufc±5*3ftR« 
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[0 0 6 7] Z<D£ 5»-UT»3fiUfc»fl«#^ ; ey'fe 

/ V (O m £ y - * V — IbI S& S: A3 ^ T »Jj£ U 

^(*&#T% ag^Prli5/iC/cm2, gjftjf- 
Ectt30kV/cm (0. 6 V) Offi*M#b^T*5 

fc 0 **t* ppjp«iE3v-ey-^m«E^ffl[ttx 5x10 

[0 0 6 8] 02 1lt ®JE3 V, iStlMHz^ 
[0 0 6 9] E^Tn *«MfcJ:5JB3©3aS^*«to 

[0070] %z (on^^wM^^mn^WBM^-^i 

tt-efo!9, -tttJK^tt. SBTJRO^xatt^lft, « 
[0 0 7 1 ] 022lt ^3<D|lt£<D^S§co=^^V^ 

ioo ffiBJf-eaiJt bfc i # co s b TRa>**:*§iIt 

m U) SrSWaffifiS Q<05p*9flt (5Q A ve) -t?*J-3 
fdtSr^'U *«i#±SBTKo*^:feSJ|ftgS:*"t-o El 
2 2KJ:tttf, 00 OAJ:0/hSV^« 

o*3*s*«lw/hS<, **Jtft«cSiSl 0 0 0A«±co 

»«-e»MUfcJ:5C JB 2 6 5 0°CJWTco 

*&-Cf±, 7 0 0 A«T<D**fttt* s » 

t LTfflv^fc&<D+^ftg^ffi^ft : £: 

tt, #2«y»tt«f±5 0 0°C-6 5 or^lSH-efcSr. 
[0 0 7 2] £JTF, *«Wfc<t4*4©HJ£<OJgl®»c:o 



(8) 

"Cf±, ItjiEcDBl 03U£0?f$fll^lll2CD^^y^ P S 1 5 
td&^T, I2<yc tit, RTA£fc£rffi 

t\ l-7 6 0 Torr8*Slftttt, 6 0 0tt 

* (® 2 &/£J£;£0 0$5ffl£ l-7 6 0Torrtlfc 
(Dtt\ lTor r<Dt#fc»^$tbfcSBTKI^»Bfll 

io 7 6 0 T o r r SrJbPRi: Lfct©T^5c 

[0073] IS 2 3 , 024, RXfW 2 5 tt, ±&<DM 

[0 0 7 4] E)2 3«\ »2«MlO»i«^EA (* 
7X*hZ>* #ift^ffiA4S 7 6 0 T o r r "ettlii A/ 
5tPr fitted* Us BE^I 5 T o r r ttiE-Cfii* £ ft 

9 , -^HJ: 0 $ bf-ffi** s <B:Ti"5 £ P t ffif±«'>1~ 

So E^STo r r <D t $ (DBSftUP rf*5. 5 M C 
/cm 2 , fetm^E cf±2 5 kV/cmi, 3$Bttt#* 

6>..*2«fi«<0#Hft^£E* (^2«^ff^) *S2T 
orr — 20Torr <Ot6H"C&tttf > P r tt 2 . 5/i 

30 [0 0.7 5] S2 4tt, ^2^0#ffl^^f^JE^I 

m&#xi£jli>s 7 6 0 T o r r *^teT--f"5 irffitt** 
L N ffi5Tor r #3£T?ffi* i ft 9 , -ttuJ: 9 

©SiBlttffififi QttlO. 2 m C/c m 2 t ^5ffitufc 
ffitt s »b*t3fc 0 ~ ilx^tCMb i t^7^0liS 

O^lft^^y 'Cfctlfl 5/!C/cm 2 8llOii 
«W**s^SEt?fe5o Lfc^oT, B12 4*^, ^2^ 
40 ^(0#H^^^i±^ (S2MJi*) 3»2Torr-2 
0T o r r ^ffiH^SIWtffif* 5 Q^ s 5 ^ C/cm 2 H 
Jt£fto-C*5?K r<D$5[fficoiE^tCc): <9SJig^^fct>0 

"cjhss $ Kfc s b t at & mm u *t jg 

[0 0 7 6 ] El 2 5tt, ^2SSE^O#ffl«^JE* 
so -efo£ e l2Mff^J^2To r r~200To r r <D 
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tSffl-C, 2 5kV/cm5fi^(5ff-^^ot^5o 
[0077] 0 2 6 fl %2 mtiSHO&fflf&XX&Jj (f& 

^t5^Tt>, 1 0" 7 -l 0- 8 -&Oft#4flt3JS#6>tt-Cl^ 

[0078] El 2 7 fl £2 *U*0#Hft^^jE^ 

fo&o B2 7C*3^t, a, b N c, d, e N f tt^Tih, 

2 >mj&1££>& 7 6 0 T o r r , 2 0 0 T o r r , 
2 0 T o r r , lOTorr, 2 T o r r , lTorr 

2 0 (d e g) -CfcO, IRMtt[l]9T3jUK (ffifcM*) X* 
*>5*S, ^$4^f^^mo^2^J±^^o^T[H3Sf 
&g[0 kftZ>&LU : &&Wl& J ltX\t*Z>h<D-?&>Z>. * L 
g|27t, SBT (0 0 8) , SBT (105) , 
SBT (110) , MSBT (2 0 0) f2S r B i 2 
Ta 2 0 9 (SBT) KX&lslffit 0 —? , 5-TaO (0 
01) RXfd-TaO (001) teS^STaCHciSIs] 

^ N s i nvy ^s*^ct£m#Tt: 0 -^ pt 
tip tTft«ffiJ-±«iaSf^— ^**i"fc^-cfc*o 

[0 0 7 9 ] 0 2 7lCfc*Ul 2Tor r-2 00To 
r r COtO-CttS BTCD^Jj&Hit 0 — ^ (SBT (0 0 
8) , SBT (105) , SBT (110) . SBT 

(2 0 0) ) ffilSjtlXte*) , 1 T o r r (£>t>CD"Cf3: S B 
T t° — # \~$f£ < T a O CO tT— ^ (5-TaO (0 0 
1) , 5-TaO (00 2) ) iSSUvC^So ttt, 
7 6 0Torr<Ot)OTil SBTt-iJ'^S^n 
— Kfci3fcoT*3tK T^^7r^9-f ^JteW^JfcoTV^ 

f±\ |g 2 ftriE©#H^^ffi* tim 2Tor 

2 0 0 T o r r CDfSSllCjol S B T fcf— ^ Sr5H"fflS 

[0 0 8 0] 02 8fl *2.*|J5!E©#H«^f^flE^! 

2 ^^^KM^bco^Sr^i-^^^Xfe 
So 02 811 S BT fiE PMAfcJ:5»JjeUfc 
T a m&R,XfiS r *ajA0*ffi 2 «^fcEEAlJ:*flF*i" 
m$—j£Xh^fz.(D\ZttLX, B ilWf 
tCftfeff LTSftUfc^-e, B i/TaMSr/TaCO 
m^t^^yyitVtch(OXh^o 02 8l;:J;tUl B 
i /T a cotff H 7 6 0 T o r r ^ttJS^ftiii^ifiJ*; 
it (Bi/Ta = 2. 4/2 = 1. 2) i: {3:(3:[D CT^fe 
9, 2To r r^T^iS2^ffi^C0®T(-#^Jg^ i 
fc«'>U 5Tor rfigWh-f^^ h!J (Bi/ 
Ta = l. 0) tftot^So 

[0 0 8 1 ] ^LT, »2jSfifeJE^*Si Tor r Til 

B i/TaOl#*«C'hS<<i:otP5o 

B i JB2jftrit«rlcB i *>JW5Xtt«ft^ 

J:54Bi ffi^co^C# te-T^* 5 JB 2 1 T o r r 



(9) 

£**.fe;h/5 0 W3fcG>l:*5!J, Tal&J&fttfS r 

2 jffi/fcff # fclfcfctH - 12 If — Jfe-Cfc o fc<DT\ 
Sr/Ta t>«lf-jE-C. fflWfc&*<0»*i*; (S r/ 
Ta=l/2 = 0. 5) tlElfUDT-feofco 

[0 0 8 2] fc:fc\ ±5E^»1^4 0H160JKjSJC*5 
V^T, 3ftR*fWW»^tt»i UTSBT (SrBi 2 T 

fc<. SrMB T aXfiT i ^>4< H 

10 v^-fJx*»— *Sr'Stf<t-&*"C*>5S r B i 2 (T i , N 
b) 2 Og, S r B i 4T i 4O15. S r B i 4 (T i , Z 
r) 40i5*Sjf4 . S r B i 2 

N b 2 0 9 , B i 4 T i 3 Oi 2 , C a B i 2 T a 2 0 9 . B a 
Bi 2 Ta 2 Og N BaBi 2 Nb 2 0 9 , P b B i 2 T a 2 0 

[0 0 8 3] 

20 J;*Ul i/7V^/VftXttMODjfe»JlJ:5»BI«flE»lR* 

1 couMaaxefc x 5 »wmiw»«s:»j« L,fc«* jB 2 
fcT»!fti-*wi:Jci9-, ^m^nm^m^t^x 

[0 0 8 4] *D#jNBfcH\ ^*CDMit*fecO^^T 6 
5 O^WT^^^STHtai A^i:^^bL4v^{C x 
SSfim^^^y t LT£«*#ttSr#5*:»fctt7 3 0 

9, 6 0 0°CtV^5ffi:^^^T*t>^^y k IT+ 

40 mzm^^Mmik&fiifekteZo 

[0 0 8 5] *^^C0^m^JK*T-^»ig* 

-ciDtojRWb. *ffi¥a<b36s*a-c*. nkjwaixfctai 

So 

[01] **Mt<t5M«S«#»lR*^o»lo*lfio 
[0 2] Hi<o»««#*Kjf^<o*lJSXSo--»S:* 
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m 3 1 mi (o^mmwmmm^(om 2 ma.m&\z%rt 
[Ei4] mi<Dimm&mmm*<Dm2)&f&?(&&^M'f 

[0 6] 01 <D5mnifcwmm*<Dm^i±fctt-t%f% 
[07] 01 <D&mnfcMmm^<vmum>j±\zttir%tii 
[08] 01 <D&mnfcnmm*<Dmvm,f£fcttirz>w 

[0 9] 01co3ifim^^*T-O^^i|#tt5:^i~0T* 
[010] 01 ^^i^*^^ 2 jfe&S**->tf 

So 

[011] m 2 (Dm&jjfex*m 1 6 0 o°c. 

[012] ^(D^mn.wnmmi-^m^-TM^-^ 
[013] ^^c^^m^JKS^o® 2 «u«aLSK» 
[0i4] '&*<D$mmwnwkm^<om > 2m.m&m^tt 

[015] ^^co3Kf§m#:*JK*^co^2^^S^^ 

[016] '&5k<D5mm,i£mmm*cDm 2 nt&m&Ktt 

So 

[01 7] ^^Mig^feT^l^j5fe^$r6 0 0 C C, 
I2^SS:6 0 0°Ci: LTi^ Lfcffl£^*ffi<D S E 

[01 8] *?g^tcJ:Sm2(0lli£(D^O3Sfim#y 
* ]) coKffi0"CfcS o 
[019] 018 C03£^m# ^ ^ y £>SBgX?I<£>-gI5 £ 

7jM-|frffi0-efc ; 5o 
[0 20] 0 1 8(£>S B TSiil^^eli I- 3 V^lflE 



So 

[0 21] Ell 8OSB T3£^®£M * y <03£S£WttS: 
[02 2] *«WtJ:5»3 0|l*^»tt03SlR«ft:3(| 

■^QOWMBffe (a) 8 Q©¥*M* (5 

Q AV e) T #J o tci&CD^k&TF't ^77tfc^o 
[02 3] *lSKlc:«J:5«4<^|ll6oJK*g<D5fiR«flc* 

[02 4] ^4(DHJ6O^C0^m<**M* : F-^^2 
[025] ffi 4 <OHlE<D?Klft<OSfiBSa»5»JRSll^O® 2 

E c to^ittr^T^y 7T*fe6 0 

[026] g§ 4 <0%fa<Dfflfa<D&ffiWfcW&M=¥-<D& 2 
«8*oatffl»Sf^JE* (»2«J*BEA) fc»t5 3VPP 

[02 7] »4©SI3fe©?Kffi^)»Bf1lfrSflH[* : T-^SB 
TW2«Ofi^ff* (8E2«yftffi;*j) fc» 
■T 5 ffico X^HliFr^^ 9 - > * ^i"0 Xh 5 0 

[02 8] ^4(OHJ£co^^)3^m^^T-^S B 
T«<0«2««O#H*^£E* (JB2«|J«ffi*.) 

-r s mm^it <o mt st^h- ? y y x& s . 

1 S i Sffi 

2 S i O2 

4 T£l$m@Jl 
5,48 &ff§fi!#ftJR 

6 ±$Bm©s 

4 1 $2 #iI^Fj«fettff« 
43, 44. 5 1, 52 
45 ^*y»3>'^^ 

4 7 tsg^;® 

4 9 t/l'— hJlft 

54 « 1 iiSv' y 3 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To crystallize a ferroelectric thin film 
by coating a substrate with a precursor solution containing the 
constitutive elements of ferroelectric thin film material, drying the 
solution to form a thin film, subjecting the thin film to heat 
treatment to form a ferroelectric thin film, and then heating 
ferroelectric thin film in an atmosphere of specified gas pressure. 
SOLUTION: A film is formed using a precursor solution containing 
Ta, Bi and Sr. More specifically, a substrate having a lower 
platinum electrode 4 is spin coated with a precursor solution. The 
substrate is then mounted on a heated hot plate and baked in the 
atmosphere. The filming step is repeated to form a ferroelectric 
thin film 5. Subsequently, heat treatment is performed, as first 
baking, in an oxygen atmosphere of atmospheric pressure by RTA 
and a Pt upper electrode 6 is deposited using a mask by EB 
deposition. After forming the upper electrode, second baking is 




performed by RTA method in an oxygen atmosphere of 10Torr which is lower than 1atm. Second baki.nq 
is performed in order to crystallize the ferroelectric thin film perfectly. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the manufacture approach of the ferroelectric thin film equipped with a lower electrode 
layer, a ferroelectric thin film, and an up electrode layer in order on a substrate The process which 
applies the precursor solution containing a metal to the front face of said lower electrode layer formed 
on the substrate, The process which heats the applied precursor solution, removes only a solvent and is 
dried, The manufacture approach of the ferroelectric thin film characterized by including the 1st heat 
treatment process which heats the dried precursor and forms a ferroelectric thin film, and the 2nd heat 
treatment process heated in a gas pressure ambient atmosphere lower than one atmospheric pressure 
after forming an up electrode layer on this ferroelectric thin film. 

[Claim 2] The manufacture approach of a ferroelectric thin film according to claim 1 that gas pressure of 
the ambient atmosphere of said 2nd heat treatment process is characterized by being 20 or less Torrs. 
[Claim 3] The manufacture approach of a ferroelectric thin film according to claim 2 that gas pressure of 
the ambient atmosphere of said 2nd heat treatment process is characterized by 2 or more Torrs being 
20 or less Torr. 

[Claim 4] The manufacture approach of a ferroelectric thin film given in any 1 term of claims 1-3 to 
which heating temperature of said 2nd heat treatment process is characterized by 500-degree-C or 
more being 650 degrees C or less. 

[Claim 5] The manufacture approach of a ferroelectric thin film given in any 1 term of claims 1-4 to 
which said precursor solution is characterized by using metaled carboxylate and a metaled alkoxide as a 
component. 

[Claim 6] The ferroelectric thin film to which said ferroelectric thin film is characterized by the diameter 
of the maximum crystal grain consisting of a bismuth layer structure compound 700A or less in the 
ferroelectric thin film equipped with the lower electrode layer, the ferroelectric thin film, and the up 
electrode layer in order on the substrate. 

[Claim 7] In the semiconductor memory component containing the memory cell equipped with one 
transistor for a switch, and one ferroelectric capacitor The semi-conductor substrate top with which 
said transistor for a switch was formed The insulator thin film of a wrap 1st, this — with the contact 
plug into which it pierced through the 1st insulator thin film, and the interior was filled up with 
conductive material The ferroelectric memory device characterized by having the stack mold structure 
equipped with the lower electrode formed on this contact plug, the ferroelectric thin film formed on this 
lower electrode, and the up electrode formed on this ferroelectric thin film, and said ferroelectric thin 
film consisting of a bismuth layer structure compound. 

[Claim 8] The ferroelectric memory device according to claim 7 to which the bismuth layer structure 
compound which accomplishes said ferroelectric thin film is characterized by being the compound of Ta 
or Ti which contains either at least including Sr and Bi. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the ferroelectric thin film 
used for a memory device, a pyroelectric sensor component, a piezoelectric device, etc., a ferroelectric 
thin film, and a ferroelectric memory device. 
[0002] 

[Description of the Prior Art] Since a ferroelectric thin film has many functions, such as spontaneous 
polarization, a high dielectric constant, the electro-optical effect, the piezo-electric effect, and a 
pyroelectric effect, it is applied to extensive device development, for example, the pyroelectricity — 
using — an infrared linear array sensor — moreover, piezoelectric [ the ] — using an ultrasonic 
sensor — tne electro-optical effect — using — an optical waveguide modulator — the high dielectric - 
- using — DRAM and the capacitor for MMIC — ** — it is used in various directions. 
[0003] Also in those extensive application device development, development of the ferroelectric 
nonvolatile memory (FRAM) which is high-density and operates at a high speed with combination with a 
semiconductor memory technique with progress of thin film coating technology in recent years is 
prosperous. The researches and developments by which it reads and the nonvolatile memory using a 
ferroelectric thin film turns to utilization as memory in which the high-speed writing / not only 
replacement of the nonvolatile memory of the former [ properties /, such as height of low-battery 
actuation and writing / read-out resistance, ] but the replacement to SRAM or DRAM is also possible 
are done briskly. 

[0004] A coercive field (Ec) is small, a remanence (Pr) is large and an ingredient with the big repeat 
resistance of polarization reversal is [ it is low leakage current and ] required for such device 
development. Furthermore, since reduction of operating voltage and a semi-conductor micro-processing 
process are suited, it is desirable to realize the above-mentioned property with the thin film of 200nm or 
less of thickness. 

[0005] And as a ferroelectric ingredient used for these applications, the oxide ingredient of the 
perovskite structure represented by PZT (titanic-acid lead zirconate, Pb(Ti, Zr) 03) was in use. 
However, since the ingredient which contains lead as the configuration element like PZT has the high 
vapor pressure of lead or its oxide, lead evaporates at the time of membrane formation, a defect is 
generated in the film, or when severe, it forms a pinhole. Consequently, when leakage current increased 
or polarization reversal was repeated further, there was a fault, like the fatigue phenomena to which the 
magnitude of spontaneous polarization decreases happen. If the replacement to FRAM by ferroelectric 
nonvolatile memory is considered especially, in order to have to guarantee that after 1015 polarization 
reversal does not have change of a property about fatigue phenomena, development of a ferroelectric 
thin film without fatigue was desired. 

[0006] On the other hand, researches and developments of a bismuth layer structure compound 
ingredient are done in recent years. The bismuth layer structure compound ingredient was discovered by 
Smolenskii and others in 1959 (G. A.Smolenskii, V.A.Isupov and A.I.Agranovskaya, Soviet Phys.Solid 
State, 1,149 (1959)), and a detailed examination was made by Subbarao after that (E. C.Subbarao, 



J.Phys.Chem.SolMs, 23,665 (1962)). Recently, Carlos A.Paz de Araujo and others discovers that this 
bismuth layer structure compound thin film fits the application to a ferroelectric and a high dielectric 
integrated circuit, and after 1012 polarization reversal or more has reported especially the outstanding 
fatigue property that change is not looked at by the property (International Application No.PCT/US 
92/10542). 

[0007] moreover, the sol gel process or MOD (Metal OrganicDecomposition) which uses physical 
methods, such as vacuum evaporation technique, the sputtering method, and the laser ablation method, 
and an organometallic compound as a start raw material at the manufacture approach of a ferroelectric 
thin film, carries out pyrolysis oxidation of these, and obtains an oxide ferroelectric — law and MOCVD 
(Metal Organic Chemical Vapor Deposition) — the chemical approaches, such as law, are used. 
[0008] special vacuum devices are unnecessary and membrane formation of a large area is [ that 
homogeneous mixing of atomic level is possible for a sol gel process or the MOD method in the above- 
mentioned forming-membranes method, presentation control being easy and excelling in repeatability, 
and ] possible at ordinary pressure — it is low cost industrially — etc. — it is widely used from the 
advantage. 

[0009] Especially as the membrane formation approach of the above-mentioned bismuth layer structure 
compound thin film, the MOD method is used and a ferroelectric thin film or a dielectric thin film is 
manufactured at the following processes by the membrane formation process of the conventional MOD 
method (International Application No.PCT/US 92/10542, PCT/US 93/10021). 

[0010] 1) The process which carries out spreading membrane formation of the precursor solution which 
consists of compound ARUKISHIDO etc. on a substrate with a spin coat method etc. 
[0011] 2) The process which carries out stoving of the obtained film for 30 seconds to several minutes 
at 150 degrees C in order to make it secede from alcohol and the residual moisture which carried out 
reaction generation in the solvent or the process of 1 from the inside of the film. 

[0012] 3) in order to carry out pyrolysis removal of the organic substance component in the film — RTA 
(Rapid Thermal Annealing) — the process heat-treated for 30 seconds at 725 degrees C in an oxygen 
ambient atmosphere using law. 

[0013] 4) The process heat-treated at 800 degrees C in an oxygen ambient atmosphere for 1 hour in 
order to crystallize the film. 

[0014] 5) The process heat-treated for 30 minutes at 800 degrees C in an oxygen ambient atmosphere 
after forming an up electrode. 

[0015] In addition, in order to obtain desired thickness, the process of 1-3 is repeated and, finally 4 or 5 
processes are performed. 

[0016] A ferroelectric thin film or a dielectric thin film can be manufactured as mentioned above. 
[0017] 

[Problem(s) to be Solved by the Invention] However, in the manufacture approach of the ferroelectric 
thin film by the above conventional MOD methods, with the burning temperature of 650 degrees C or 
less, the ferroelectric thin film by the process (process 4) which crystallizes before forming an up 
electrode needed to carry out thing long duration heat-treatment at the elevated temperature extremely 
with 800 degrees C for 1 hour, in order to hardly crystallize but to acquire a high remanence value 
(International Application No.PCT/US 93/10021). For this reason, since dielectric strength also fell and 
micro processing became difficult further while particle diameter became ****** of the magnitude which 
is about 2000A and leakage current increased, it was not suitable for high integration. 
[0018] Moreover, in the conventional MOD method, since there was a problem of a crack occurring when 
thickness obtained on 1 time of a spin coat is made into about 1000A or more, the concentration of a 
precursor solution was adjusted so that it might become 1000A or less about the thickness obtained on 
1 time of a spin coat. Therefore, in order to obtain about 2000A thickness, whenever several times of 
spreading processes were needed and it applied once by the spin coater, heat treatment by RTA was 
needed, and it was very unproductive on the manufacture process of a component. 
[0019] On the other hand, in order to integrate ferroelectric nonvolatile memory highly, it is necessary 



to connect a ferroelectrid capacitor with a selection transistor with a contact plug, and to adopt the 
stack mold structure in which the ferroelectric capacitor was formed on the contact plug (S. Onishi et 
al., IEEE IEDM Technical Digest, p.843 (1994)). However, heat-treatment of long duration has problems, 
such as causing the poor contact and property degradation by the counter diffusion, and the oxidation of 
contact plug ingredients, such as polish recon, the contact plug ingredient and the lower electrode 
material in the interface of a ferroelectric thin film and an electrode, counter diffusion with a 
ferroelectric thin film, etc., at the elevated temperature in the inside of the oxygen ambient atmosphere 
for forming a ferroelectric thin film. For this reason, although it is necessary to form thickly the 
electrode material and barrier metal ingredient which bear an elevated temperature for a long time, the 
level difference of a capacitor part becomes large by this, and it has been a failure in the case of 
integrating a component highly. Therefore, in order to make thickness of the whole capacitor thin and to 
attain high integration, as for a ferroelectric thin film, it is desirable to acquire a good property by low- 
temperature heat treatment conventionally. As the standard, the heat treatment temperature of a 
ferroelectric thin film needs to be 650 degrees C or less. 

[0020] This invention is made in order to solve the above-mentioned technical problem, it can carry out 
[ low temperature ]-izing of the membrane formation temperature compared with the manufacture 
approach of the conventional ferroelectric thin film, and aims at offering the ferroelectric [ which was 
manufactured by the manufacture approach of a ferroelectric thin film that a manufacture process is 
simplified, and this manufacture approach ] thin film with which it was precise with the ferroelectric and 
leakage current was reduced, and the ferroelectric memory device which has stack mold structure. 
[0021] 

[Means for Solving the Problem] In the manufacture approach of the ferroelectric thin film equipped with 
a lower electrode layer, a ferroelectric thin film, and an up electrode layer in order on a substrate in this 
invention in order to solve the above-mentioned technical problem The process which applies the 
precursor solution containing a metal to the front face of said lower electrode layer formed on the 
substrate, The process which heats the applied precursor solution, removes only a solvent and is dried, 
It is considering as the manufacture approach of a ferroelectric thin film including the 1st heat 
treatment process which heats the dried precursor and forms a ferroelectric thin film, and the 2nd heat 
treatment process heated in a gas pressure ambient atmosphere lower than one atmospheric pressure 
after forming an up electrode layer on the ferroelectric thin film. 

[0022] Furthermore, in this invention, gas pressure of the ambient atmosphere of the 2nd heat 
treatment process is set to 20 or less Torrs in the manufacture approach of the above-mentioned 
ferroelectric thin film. 

[0023] Furthermore, in this invention, gas pressure of the ambient atmosphere of the 2nd heat 
treatment process is set to 2 or more-Torr 20 or less Torr in the manufacture approach of the above- 
mentioned ferroelectric thin film. 

[0024] Furthermore, in this invention, heating temperature of the 2nd heat treatment process is made 
into 500 degrees C or more 650 degrees C or less in the manufacture approach of the above-mentioned 
ferroelectric thin film. 

[0025] Furthermore, in this invention, what uses metaled carboxylate and a metaled alkoxide as a 
component is used as a precursor solution in the manufacture approach of the above-mentioned 
ferroelectric thin film. 

[0026] Moreover, in this invention, the ferroelectric thin film supposes that the diameter of the maximum 
crystal grain consists of a bismuth layer structure compound 700A or less in the ferroelectric thin film 
equipped with the lower electrode layer, the ferroelectric thin film, and the up electrode layer in order on 
the substrate. 

[0027] Moreover, it sets for the semiconductor memory component containing the memory cell equipped 
with one transistor for a switch, and one ferroelectric capacitor. The semi-conductor substrate top with 
which the transistor for a switch was formed The insulator thin film of a wrap 1st, The contact plug into 
which it pierced through the 1st insulator thin film, and the interior was filled up with conductive material. 



It has the stack mold structure equipped with the lower electrode formed on the contact plug, the 
ferroelectric thin film formed on the lower electrode, and the up electrode formed on the ferroelectric 
thin film, and it is supposed that a ferroelectric thin film consists of a bismuth layer structure compound. 
[0028] Furthermore, in this invention, the bismuth layer structure compound which accomplishes a 
ferroelectric thin film is used as the compound of Ta or Ti which contains either at least in the above- 
mentioned ferroelectric memory device including Sr and Bi. 

[0029] as mentioned above, by the manufacture approach of the ferroelectric thin film of this invention 
In the manufacture approach of the ferroelectric thin film by the sol gel process or the MOD method 
After applying to a substrate the precursor solution which consists of the component element of a 
ferroelectric thin film material and drying, RTA heating down stream processing for carrying out pyrolysis 
removal of the organic substance component in the conventional film is skipped. A spreading desiccation 
process is repeated several times and it considers as predetermined thickness, and it crystallizes at the 
same time the 1st heat treatment process pyrolyzes and removes the organic substance after that. And 
the ferroelectric thin film is crystallized by performing time amount heating sufficient in a gas pressure 
ambient atmosphere lower than one atmospheric pressure as the 2nd heat treatment process after 
forming an up electrode thin film on it. Since the film manufactured by the manufacture approach turns 
into precise film with small particle diameter by this while low temperature-ization of membrane 
formation temperature is attained compared with the conventional manufacture approach according to 
this invention, leakage current is small and that it is [ which it is dielectric strength ] high can obtain the 
ferroelectric thin film which was very excellent. 
[0030] 

[Embodiment of the Invention] Hereafter, the gestalt of the 1st operation by this invention is explained 
with reference to a drawing. Drawing 1 is the sectional view showing the structure of the ferroelectric 
thin film by the gestalt of the 1st operation by the manufacture approach of the ferroelectric thin film of 
this invention. As shown in drawing 1 , this ferroelectric thin film forms the silicon thermal oxidation film 
2 of 200nm of thickness in the front face of n mold silicon substrate 1, and sequential formation of the 
Ta film 3 of 30nm of thickness, the Pt film 4 of 200nm of thickness, 20SrBi2Ta9 thin film (a SBT thin 
film is called hereafter) 5 that is a ferroelectric thin film of 200nm of thickness, and the Pt up electrode 
6 of 100nm of thickness is carried out on it, respectively. In addition, the silicon thermal oxidation film 2 
is formed as an interlayer insulation film, and is not limited to this here. Moreover, since the Pt film 4 
forms the oxide film on this, it is chosen as an electrode material which cannot oxidize easily, in addition 
conductive oxide film, such as Ru02 and Ir02, etc. may be used for it. And the Ta film 3 is used in 
consideration of the adhesion of the silicon thermal oxidation film 2 and the Pt film 4, in addition Ti film 
and the TiN film may be used for it. 

[0031] Next, the manufacture approach of the ferroelectric thin film shown in drawing 1 is explained. 
[0032] First, thickness forms in the front face of n mold silicon substrate 1 the silicon thermal oxidation 
film 2 which is 200nm. In addition, with the gestalt of this operation, it forms as the formation approach 
of the silicon thermal oxidation film by oxidizing thermally silicon substrate 1 front face at 1000 degrees 
C. And on this silicon thermal oxidation film 2, the Ta film 3 whose thickness is 30nm is formed by the 
spatter, the Pt film 4 whose thickness is 200nm is further formed on this, and this is used as a 
ferroelectric thin film formation substrate. 

[0033] The synthetic approach of the precursor solution hereafter used in order to form the SBT thin 
film 5 on this substrate, and the process which forms a SBT thin film as a ferroelectric thin film on a 
substrate using this precursor solution are explained referring to process drawing of drawing 2 . 
[0034] As a start raw material of precursor solution composition, tantalum ethoxide (Ta (OC2H5)5), 
bismuth-2-ethyl hexanate (Bi2 (C7H15COO)), and strontium-2-ethyl hexanate (Sr2 (C7H15COO)) are 
used. In order to carry out weighing capacity of the tantalum ethoxide (step S1), to make it dissolve into 
2-ethyl hexanate (step S2) and to promote a reaction, it agitates heating from 100 degrees C to 120 
degrees C of maximum temperatures, and is made to react for 30 minutes (step S3). Then, the ethanol 
and the moisture which were generated by the reaction at 12 degrees C are removed. Heating churning 



of the strontium-2-ethyf hexanate which the 20ml - 30ml xylene was made to dissolve in the solution is 
carried out for 30 minutes at 140 degrees C of maximum temperatures from optimum dose **** (step 
S4) and 125 degrees C so that it may be set to Sr/Ta=1/2 (step S5). Then t heating churning of the 
bismuth-2-ethanol which the 10ml xylene was made to dissolve in this solution is carried out at 150 
degrees C of maximum temperatures from optimum dose **** (step S6) and 130 degrees C for 10 hours 
so that it may be set to Sr/Bi/Ta=1/2.4/2 (step S7). 

[0035] Next, in order to remove the xylene used as the alcohol, the water, and the solvent of low 
molecular weight from this solution, it distills at the temperature of 130 degrees C - 150 degrees C for 5 
hours. In order to remove dust from this solution, it **** with the filter of the diameter of 0.45 
micrometer (step S8). Then, the concentration of SrBi2.4Ta 2.0O9.6 of a solution is adjusted to 0.1 mol/l, 
and let this be a precursor solution (step S9). In addition, these raw materials are not limited to the 
above-mentioned thing, and the above-mentioned start raw material should just dissolve a solvent 

enough. 

[0036] Subsequently, the above-mentioned precursor solution is used and membranes are formed at the 
following processes. The above-mentioned precursor solution is dropped on a substrate with the lower 
platinum electrode 4 mentioned above, and spin spreading is carried out by 3000rpm during 20 seconds 
(step S10). Then, it puts on the hot play which heated the substrate at 120 degrees C, and is made to 
BEKU and dry in atmospheric air for 5 minutes (step S11). In that case, in order to advance desiccation 
to homogeneity, it is desirable to make a temperature requirement into 100 degrees C - 130 degrees C, 
and the optimal drying temperature is about 120 degrees C. Since a crack occurs by membrane stress in 
the below-mentioned phase which carries out a laminating when it dries at temperature higher than this 
temperature requirement, for example, 1 50 degrees C, this is for preventing it. 

[0037] Then, in order to volatilize a solvent completely, it puts on the hot plate which heated the wafer 
at 250 degrees C, and BEKU and calcinates in atmospheric air for 5 minutes (step S12). This 
temperature is more than the boiling point of a solvent, and it is desirable to carry out at the 
temperature of 250 degrees C - about 300 degrees C for compaction of process time amount. This 
membrane formation process is repeated 3 times, and the ferroelectric thin film of 200nm of thickness is 
formed. 

[0038] then — as the 1st baking — RTA — using law, heat treatment for 30 minutes was performed at 
600 degrees C among the atmospheric pressure oxygen ambient atmosphere (step S13), and the mask 
vacuum evaporationo of the Pt up electrode 6 of 200nm of thickness was carried out with EB (electron 
beam) vacuum deposition (step S14). In this 1st baking, pyrolysis removal of the organic substance 
contained in the ferroelectric thin film by which spreading desiccation was carried out is performed. And 
a part of crystallization of a ferroelectric thin film is performed to pyrolysis removal and coincidence of 
the organic substance, and it is thought that it acts as a kind of nucleation process, in addition the 
gestalt of this operation — RTA — although heat-treated in the atmospheric pressure oxygen ambient 
atmosphere using law — RTA — law — the usual heat treating furnace may be used for except, and 
mixed gas with inert gas, such as oxygen, nitrogen, and an argon, may be used for it as a controlled 
atmosphere. Moreover, with the gestalt of this operation, as electrode size for ferroelectric 
characterization, although Pt up electrode was used as the electrode of 100 micrometerphi, this 
invention is not limited to such electrode configurations or electrode sizes. 

[0039] next — as the 2nd baking (this baking) after up electrode formation — RTA — baking for 30 
minutes is performed at 400 degrees C - 750 degrees C in 10Torr oxygen ambient atmosphere using law 
(step S15). This 2nd baking is for performing perfect crystallization of a ferroelectric thin film, in addition 
— the gestalt of this operation — RTA — although calcinated in 10Torr oxygen ambient atmosphere 
using law — RTA — law — as long as heat treatment is possible for except in a gas pressure ambient 
atmosphere lower than one atmospheric pressure, the usual heat treating furnace may be used, and as a 
firing environments, you may be the mixed gas which inert gas, such as nitrogen or an argon, is sufficient 
as, and was mixed of inert gas, such as nitrogen and an argon, and the oxygen two or more kinds in 
addition to oxygen. Production of a ferroelectric thin film is completed according to the above process 



(stepS 16). 

[0040] Drawing 3 f drawing 4 , and drawing 5 are graphs which show the strong dielectric characteristics 
to the 2nd burning temperature of the film obtained by the above-mentioned production process. 
Measurement of strong dielectric characteristics performs applied voltage as 3V to the capacitor of the 
type shown in drawing 1 using a well-known SOYA tower circuit. 

[0041] Drawing 3 is a graph which shows the value of the membranous remanence Pr. Although Pr also 
decreases with the fall of the 2nd burning temperature, at least 600 degrees C of two or more 
4microC/cm values are acquired for the 2nd burning temperature. Drawing 4 is a graph which shows the 
value of the coercive electric field Ec of the film produced by this manufacture approach, above 500 
degrees C, is not based on the 2nd burning temperature, but shows the almost fixed value. Amount of 
stored charge deltaQ shown in drawing 5 increases like Pr shown in drawing 3 depending on the 2nd 
burning temperature, and the 2nd burning temperature shows the good property above 500 degrees C. 
[0042] Drawing 6 , drawing 7 , and drawing 8 are graphs which show the applied-voltage dependency of 
the ferroelectric property at the time of performing annealing for 30 minutes in an atmospheric pressure 
oxygen ambient atmosphere with the 1st burning temperature of 600 degrees C, and performing 
annealing for 30 minutes for the 2nd baking at 600 degrees C among 10Torr oxygen ambient atmosphere. 
Respectively drawing 6 , drawing 7 t and drawing 8 show the value of Pr, Ec, and deltaQ, and are a thing, 
and these graphs show from these that Pr, Ec, and deltaQ are beginning to be saturated from about 
applied-voltage 3V with the increment in applied voltage. Even if this has change of some electrical 
potential differences in the applied voltage beyond 3V, it shows that a fixed property is always acquired 
and can be said to be a good ferroelectric property. 

[0043] Drawing 9 is the graph which plotted change of amount of stored charge deltaQ to the count of 
repeat polarization reversal at the time of impressing electrical-potential-difference 3V and a pulse with 
a frequency of 1kHz to the sample which performed annealing for 30 minutes in the atmospheric 
pressure oxygen ambient atmosphere with the 1st burning temperature of 600 degrees C, and performed 
annealing for 30 minutes for the 2nd baking at 600 degrees C among 10Torr oxygen ambient atmosphere, 
and performing repeat polarization reversal to it. After polarization reversal of 2x1011 cycle shows a 
good property to change not being looked at by the amount of stored charge, but completely applying to 
it at nonvolatile memory. 

[0044] Drawing 10 is a graph which shows change of the leakage current over the 2nd burning 
temperature at the time of 3V impression. Above 550 degrees C, it was not based on the 2nd burning 
temperature, but had become the value of 6 - 9x10-8 A/cm2, and below 500 degrees C, although 
leakage current was large, the increment in the leakage current which became a problem conventionally 
on the occasion of low-temperature-izing of the 2nd burning temperature was not seen. 
[0045] Drawing 1 1 performs annealing for 30 minutes in an atmospheric pressure oxygen ambient 
atmosphere with the 1st burning temperature of 600 degrees C, and it is the surface SEM photograph of 
the film after performing annealing for 30 minutes for the 2nd baking at 600 degrees C among 10Torr 
oxygen ambient atmosphere, and it turns out that it is the precise film which consists of spherical 
crystal grain 700A or less. Moreover, the 2nd burning temperature became the precise film which 
consists of spherical crystal grain 700A or less like that whose thing whose 2nd burning temperature is 
650 degrees C is also 600 degrees C. On the other hand, annealing was performed for 30 minutes in the 
atmospheric pressure oxygen ambient atmosphere with the 1st burning temperature of 600 degrees C, 
and the crystal grain with the still bigger SBT film at the time of performing annealing for 30 minutes at 
700 degrees .C among the oxygen ambient atmosphere of 10TorKs) than that whose 2nd burning 
temperature is 700 degrees C in that whose 2nd burning temperature 500-5000A crystal grain exists by 
the shape of a string, and is 750 degrees C existed the 2nd baking. The diameter of the maximum crystal 
grain of the crystal grain child who constitutes the SBT film with the rise of the 2nd burning 
temperature increased, and the result that the precise film with which the 2nd burning temperature 
consists of spherical crystal grain 700A or less in 650 degrees C or less could be formed was obtained 
from these things. 



[0046] Although ithad become the polycrystal of SrBi2Ta 209 with the 2nd burning temperature of 500 
degrees C or more as a result of the X diffraction, the clear crystal was not able to be checked below 
450 degrees C. 

[0047] As an example of a comparison of the gestalt of implementation of the above 1st, the SBT thin 
film was formed using the conventional manufacture approach, and the ferroelectric thin film which has 
the same structure as drawing 1 was manufactured for evaluation of the electrical property. 
[0048] Drawing 12 is drawing showing the synthetic approach of the precursor solution used in order to 
form the SBT thin film 5 in the ferroelectric thin film shown in drawing 1 , and the conventional process 
which forms a SBT thin film as a ferroelectric thin film on a substrate using this precursor solution. The 
same number is given to the same process as the process of the gestalt of the 1st operation shown in 
drawing 2 . 

[0049] In manufacture of the ferroelectric thin film in this example of a comparison, a different point 
from the gestalt of the 1st operation of the above-mentioned is only the process of the 2nd baking at 
the time of formation of a SBT thin film, namely, the SBT film which carried out the mask vacuum 
evaporation© of the Pt up electrode 6 of 100 micrometerphi after the 1st baking like the gestalt of the 
1st operation of the above-mentioned — receiving — the thing of the example of a comparison as 
the 2nd baking — RTA — 600-7 50-degree-C baking for 30 minutes was performed in the atmospheric 
pressure oxygen ambient atmosphere using law (step S20). 

[0050] Drawing 13 , drawing 14 , and drawing 1 5 are graphs which show the strong dielectric 
characteristics to the 2nd burning temperature of the film obtained at the process of this example of a 
comparison. Measurement of strong dielectric characteristics performs applied voltage as 3V like the 
gestalt of implementation of the above 1st to the capacitor of the type shown in drawing 1 using a well- 
known SOYA tower circuit. 

[0051] Drawing 13 is a graph which shows the value of the membranous remanence Pr. When the 2nd 
burning temperature falls, bordering on 730 degrees C, Pr value decreases rapidly, turns into two or less 
2microC/cm and a very small value below 700 degrees C, and are ********** about a ferroelectricity at 
600 degrees C. [ most ] Although two or more 4microC/cm Pr value is acquired with the gestalt of the 
1st operation as compared with the gestalt of the above-mentioned s 1st operation of this, the 2nd 
burning temperature was possible at 600 degrees C, but (refer to drawing 3 ) in the example of a 
comparison, if it is not 730 degrees C or more in the 2nd burning temperature, it turns out that two or 
more 4microC/cm Pr value cannot be acquired. Although equivalent Pr value is acquired from this, it is 
clear that the gestalt of the 1st operation has realized low temperature-ization of the 2nd burning 
temperature rather than the thing of the example of a comparison. 

[0052] Drawing 14 shows the value of a coercive electric field Ec, above 650 degrees C, is not based on 
the 2nd burning temperature, but shows the almost fixed value. If amount of stored charge deltaQ shown 
in drawing 15 becomes the temperature not more than it bordering on the 2nd burning temperature of 
730 degrees C like Pr shown in drawing 13 , the value will decrease rapidly. 
[0053] Drawing 1 6 is a graph which shows change of the leakage current over the 2nd burning 
temperature at the time of 3V impression. Although leakage current increases a single figure at a time 
and it becomes a fall inclination at 600 degrees C whenever the 2nd burning temperature falls by 50 
degrees C, as for a 600-degree C thing, a ferroelectricity is hardly shown. 

[0054] After drawing 1 7 performs annealing for 30 minutes in an atmospheric pressure oxygen ambient 
atmosphere with the 1st burning temperature of 600 degrees C and performs annealing for 30 minutes 
for the 2nd baking at 700 degrees C among an atmospheric pressure oxygen ambient atmosphere, it is 
the surface SEM photograph of the film of **. As for the SBT film in this case, existence of 1500-9000A 
crystal grain exists by the shape of a string. 

[0055] Here, it compares with the thing of the gestalt of the 1st operation of the above-mentioned, and 
the thing of this example of a comparison about the size of crystal grain. Although crystal grain was 
500-5000A by the SBT film at the time of performing annealing for 30 minutes in an atmospheric 
pressure oxygen ambient atmosphere with the 1st burning temperature of 600 degrees C, and 



performing annealing for 30 minutes for the 2nd baking at 700 degrees C among the oxygen ambient 
atmosphere of 10Torr(s) as above-mentioned, in this example of a comparison, it is 1500-9000A as 
above-mentioned, and the way of the thing of the gestalt of the 1st operation serves as small crystal 
grain from the thing of the example of a comparison. According to the comparison of these SBT film 
formed only on condition that the ambient-gas-pressure force of the 2nd baking differing from this in 
the film in which a ferroelectricity is shown, it is clear by performing the 2nd baking in a gas pressure 
ambient atmosphere lower than one atmospheric pressure for membranous eburnation to be possible. 
[0056] Subsequently, it compares with the thing of the gestalt of the 1st operation of the above- 
mentioned about the size of the crystal grain of a ferroelectric thin film and the thing of this example of 
a comparison from which a remanence Pr value becomes almost equivalent. In the gestalt of the 1st 
operation of the above-mentioned, as annealing is performed for 30 minutes in an atmospheric pressure 
oxygen ambient atmosphere with the 1st burning temperature of 600 degrees C and the SBT film at the 
time of performing annealing for 30 minutes at 600 degrees C among the oxygen ambient atmosphere of 
10TorKs) showed the 2nd baking to drawing 3 , Pr value was about 4.2microC/cm2 t and crystal grain 
was 700A or less. On the other hand, as that from which Pr value becomes almost equivalent to this in 
the example of a comparison, it was Pr value =about 4.3microC/cm2 which performed annealing for 30 
minutes in the atmospheric pressure oxygen ambient atmosphere with the 1st burning temperature of 
600 degrees C, and performed annealing for 30 minutes for the 2nd baking at 730 degrees C among the 
atmospheric pressure oxygen ambient atmosphere (refer to drawing 13 ), and as a result of observing 
this SBT film front face, the magnitude of that crystal grain was 1500-9000A. If these are compared, the 
way of the thing of the gestalt of the 1st operation serves as crystal grain smaller than the thing of the 
example of a comparison. Also in the comparison of the SBT film with which almost equivalent Pr value 
is acquired from this, it is clear by performing the 2nd baking in a gas pressure ambient atmosphere 
lower than one atmospheric pressure for membranous eburnation to be possible. 

[0057] Although it had become the polycrystal of SrBi2Ta 209 with the 2nd burning temperature of 650 
degrees C or more in the example of a comparison as a result of the X diffraction, clear crystallization 
was not able to be checked below 600 degrees C. 

[0058] As mentioned above, although 730 degrees C or more needed to be calcinated by the 
conventional manufacture approach to see increase of a rapid reduction of Pr and delta Q value, and 
leakage current, and use it as ferroelectric random-access memory when the 2nd burning temperature 
was lowered According to the gestalt of the 1st operation, while suppressing a rapid reduction of Pr 
accompanying the fall of the 2nd burning temperature, and delta Q value by [ which are depended on 
this invention ] performing the 2nd baking in a gas pressure ambient atmosphere lower than one 
atmospheric pressure, the increment in leakage current can also be controlled. Thereby, property 
sufficient as ferroelectric memory with the highest burning temperature of 650 degrees C or less is 
acquired, and it becomes possible to adopt stack structure required for high integration of FRAM. 
Moreover, it is suitable also for micro processing and suitable for manufacture of a high density device 
while the manufacture approach of the gestalt this operation controls a crystal grain child's big and 
rough-ization, and can realize membranous eburnation and surface flattening and the proposal of leakage 
current of it is attained. 

[0059] Hereafter, the gestalt of the 2nd operation by this invention is explained, referring to a drawing. 
Drawing 18 is the important section sectional view of the ferroelectric memory cell by this invention 
which is the gestalt of the 2nd operation. As shown in drawing 18 , the ferroelectric memory cell of the 
gestalt of this operation On the 1st conductivity-type silicon substrate 54, the components separation 
oxide film 39 and gate oxide 40, The 2nd conductivity-type impurity diffusion field 41 and polish recon 
word line 42, It has interlayer insulation films 43, 44, 51, and 52, the memory section contact plug 45, the 
TiN barrier metal layer 46, the Pt lower electrode 47, the ferroelectric thin film 48, Pt plate line 49, the 
Ta205 barrier insulator layer 50, and the aluminum bit line 53. 

[0060] Next, the manufacture approach of this ferroelectric memory cell is explained using drawing 1 9 
which is the explanatory view showing the example of the manufacture approach of the ferroelectric 



random-access memory of the structure shown in drawing 18 . 

[0061] a phot only with the part well-known as shown in drawing 19 (a), after forming the transistor for a 
switch with a well-known MOSFET formation process and covering with an interlayer insulation film 43 
to which a bit line contacts the impurity diffusion field 41 of a substrate — well-known CMP (Chemical 
Mechanical Polishing) after embedding the polish recon which dug and carried out impurity diffusion of 
the contact hole using the lithography method and the dry etching method — flattening of the front face 
of the polish recon plug 45 is carried out to an interlayer insulation film 43 by law. 
[0062] Next, as shown in drawing 19 (b), after depositing the TiN barrier metal layer 46 2000A of 
thickness by the well-known spatter, the Pt thin film 47 is deposited 1000A of thickness by the well- 
known spatter, and it considers as a lower electrode. Although 20SrBi2Ta9 thin film (a SBT thin film is 
called hereafter) is formed as a ferroelectric thin film 48 on this lower electrode The synthetic approach 
of the precursor solution used in order to form a SBT thin film, and among the processes which form a 
SBT thin film using this precursor solution, the process to the 1st baking Since it is the same as the 
process from step SI of drawing 2 explained with the gestalt of the 1st operation of the above- 
mentioned to step S1 3, explanation is omitted. 

[0063] It considers as a configuration as processes the magnitude of 3.0-micrometer angle and shows 
the SBT film 48 after the 1st baking, the Pt lower electrode 47, and the TiN barrier metal layer 46 to 
drawing 19 (b) using the well-known phot lithography method and the dry etching method. For the SBT 
film, the mixed gas of Ar, and CI2 and CF4 and Pt lower electrode are [ the mixed gas of C2F6, and 
CHF3 and CI2 and the TiN barrier metal of the type of gas used for dry etching using the ECR etcher ] 
CI2 gas. Since the SBT film and Pt lower electrode are very precise and it is flat at this time, precise 
micro processing is possible and a CD loss can be held down to 0.1 micrometers or less. 
[0064] Next, as shown in drawing 19 (c), the Ta205 barrier insulator layer 50 of 300A of thickness is 
deposited using a well-known spatter, then silicon oxide of 1500A of thickness is deposited with a well- 
known CVD method as an interlayer insulation film 51, and the contact hole of 2.0-micrometer angle is 
formed in the SBT film upper part after that using the well-known phot lithography method and the dry 
etching method. 

[0065] next, it is shown in drawing 19 (d) — as — Pt up electrode of 1000A of thickness — a well- 
known spatter — forming — a well-known phot — as the 2nd heat treatment after processing it using 
the lithography method and the dry etching method and considering as the plate line 49 RTA heat 
treatment for 30 minutes was performed at 600 degrees C in the oxygen ambient atmosphere of 
10TorKs) using law, and the SBT film was crystallized. The cross section of the SBT film after making it 
crystallize is very smooth too, is precise, and did not spoil the configuration of a ferroelectric capacitor. 
Moreover, it was 2000A when the thickness of the SBT film was measured. 

[0066] Then, an interlayer insulation film 52 is deposited using a CVD method with a well-known 
flattening technique, flattening is performed, the contact hole to another impurity diffusion field of the 
transistor for a switch is formed using the well-known phot lithography method and the dry etching 
method, a bit line 53 is formed using well-known aluminum wiring technique, and a ferroelectric memory 
cell as shown in drawing 18 is completed. 

[0067] Thus, the electrical property of the manufactured ferroelectric memory cell was measured using 
the well-known SOYA tower circuit. Drawing 20 is a graph which shows the hysteresis loop when 
measuring applied voltage by 3V. The configuration of the hysteresis loop is good, as for Remanence Pr, 
5microC/cm2 is obtained, as for the coercive electric field Ec, the value of 30 kV/cm (0.6V) is acquired, 
and actuation sufficient as a ferroelectric capacitor was checked. Moreover, by applied-voltage 3V, the 
value of leakage current is 5x10-8 A/cm2, and property sufficient as a ferroelectric capacitor was 
checked. 

[0068] Drawing 21 is the graph which impressed electrical-potential-difference 3V and a pulse with a 
frequency of 1MHz, and plotted change of amount of stored charge deltaQ to the count of repeat 
polarization reversal at the time of performing polarization reversal repeatedly. Change is not looked at 
by the amount of stored charge, but after polarization reversal of 2x101 1 cycle completely shows a 



property good as nonvolatile memory to it. 

[0069] Hereafter, the gestalt of the 3rd operation by this invention is explained, referring to a drawing. 
The gestalt of the 3rd operation explains the relation of the crystal grain child's diameter of the 
maximum crystal grain and the amount of stored charge which constitute the SBT film about the same 
ferroelectric thin film as the gestalt of the 1st operation of the above-mentioned. 
[0070] The point that the ferroelectric thin film of the gestalt of the 3rd operation differs from the 
gestalt of the 1st operation of the above-mentioned is only a point of having divided the configuration of 
the Pt up electrode 6 of drawing 1 into the plurality of 2-micrometer angle, and structure, the 
manufacture approach of it, etc. are completely the same as that of the gestalt of the 1st operation as 
well as the formation process of the SBT film except it. 

[0071] Drawing 22 shows the variation in amount of stored charge deltaQ to the diameter of the 
maximum crystal grain of the SBT film when measuring by 100 places of Pt up electrode of 2^ 
micrometer angle about the ferroelectric thin film of the capacitor structure of the gestalt of the 3rd 
operation. In drawing 22 , an axis of ordinate shows the value which broke the standard deviation (sigma) 
of amount of stored charge deltaQ by the average (deltaQAVE) of amount of stored charge deltaQ, and 
an axis of abscissa shows the diameter of the maximum crystal grain of the SBT film. According to 
drawing 22 , with the film with the diameter of the maximum crystal grain smaller than 1000A, dispersion 
in amount of stored charge deltaQ has very small sigma/delta QAVE at 10% or less, and the diameter of 
the maximum crystal grain shows that the property that a sigma/delta QAVE value is large and stable is 
hard to be acquired by the film 1000A or more. Therefore, as the gestalt of the 1st operation of the 
above-mentioned explained, in the case where the 2nd burning temperature is 650 degrees C or less, it 
turns out that the diameter of the maximum crystal grain is the good thing which does not almost have 
dispersion in strong dielectric characteristics at this time since the precise film 700A or less is obtained. 
In order to have sufficient amount of stored charge for using as a dielectric capacitor and to obtain the 
SBT film with little dispersion in a property from this, as for the 2nd burning temperature, it is desirable 
that it is the range of 500 degrees C - 650 degrees C. 

[0072] Hereafter, the gestalt of the 4th operation by this invention is explained, referring to a drawing, 
step S15 of drawing 2 of the gestalt of the 1st operation of the above-mentioned with the gestalt of the 
4th operation — setting — as the 2nd baking (this baking) — RTA — baking for 30 minutes is 
performed at 600 degrees C in a 1 - 760Torr oxygen ambient atmosphere using law, and the production 
process of component structure and others etc. is completely the same as that of the gestalt of the 1st 
operation except it. In addition, since the SBT film formed at the time of 1Torr hardly showed a 
ferroelectricity, having set the range of the ambient-gas-pressure force (the 2nd baking pressure) of the 
2nd baking to 1 - 760Torr makes this a minimum, and it makes an upper limit 760Torr(s) which are 
atmospheric pressure here. 

[0073] Drawing 23 , drawing 24 , and drawing 25 are graphs which show the strong dielectric 
characteristics to the ambient-gas-pressure force (the 2nd baking pressure) of the 2nd baking of the 
film obtained by the above-mentioned production process. Measurement of strong dielectric 
characteristics performs applied voltage as 3V to the capacitor of the type shown in drawing 1 using a 
well-known SOYA tower circuit. 

[0074] Drawing 23 is a graph which shows the value of the remanence Pr of the film to the ambient- 
gas-pressure force (the 2nd baking pressure) of the 2nd baking. Although the ambient-gas-pressure 
force hardly showed a ferroelectricity by 760Torr(s), if gas pressure falls, Pr value will increase and will 
serve as the maximum near pressure 5Torr, and if a pressure declines further from it, Pt value will 
decrease. As for the remanence Pr at the time of pressure STorr, property with 5.5microC/cm2 and a 
coercive electric field Ec sufficient as 25 kV/cm and a ferroelectric capacitor was acquired. Moreover, 
from drawing 23 , if the ambient-gas-pressure force (the 2nd baking pressure) of the 2nd baking is the 
range of 2Torr(s) - 20Torr, Pr becomes two or more 2.5microC/cm, and shows sufficient strong 
dielectric characteristics. 

[0075] Drawing 24 is a graph which shows the value of membranous amount of stored charge deltaQ to 



the ambient-gas-pressure force (the 2nd baking pressure) of the 2nd baking. A value will increase, 
amount of stored charge deltaQ as well as Remanence Pr will become the maximum near pressure 5Torr, 
if the ambient-gas-pressure force declines from 760Torr(s), and if a pressure declines further from it, a 
value will decrease. The outstanding value of 10.2microC/cm2 in amount of stored charge deltaQ at the 
time of pressure 5Torr was acquired. Moreover, if it is generally the ferroelectric random-access 
memory of the degree of integration of an Mbit class, the two or more 5microC/cm amount of stored 
charge is required. Therefore, if amount of stored charge deltaQ is two or more 5microC/cm in the 
range of 2Torr(s) - 20Torr and the ambient-gas-pressure force (the 2nd baking pressure) of the 2nd 
baking is manufactured with the pressure of this range, amount of stored charge deltaQ required as 
ferroelectric random-access memory of the degree of integration of an Mbit class can be obtained from 
drawing 24 . Furthermore, as a result of observing the SBT film manufactured by this 2nd baking 
pressure, it can be checking that it is precise and surface surface smoothness is also good. 
[0076] Drawing 25 is a graph which shows the value of the membranous coercive electric field Ec to the 
ambient-gas-pressure force (the 2nd baking pressure) of the 2nd baking, in the range of 2Torr(s) - 
200Torr, the 2nd baking pressure is about 1 law near 25 kV/cm. 

[0077] Drawing 26 is a graph which shows change of the leakage current when impressing 3V to the 
ambient-gas-pressure force (the 2nd baking pressure) of the 2nd baking. Also in which gas pressure, the 
good value of 10-7 to ten to eight sets is acquired for the 2nd baking pressure. 

[0078] Drawing 27 is drawing showing the X diffraction pattern of the film to the ambient-gas-pressure 
force (the 2nd baking pressure) of the 2nd baking. In drawing 27 , the 2nd baking pressure of a, b, c, d t e, 
and f is the thing of 760Torr(s), 200Torr, 20Torr, 10Torr, 2Torr, and 1Torr, respectively. Moreover, in 
drawing 27 , although an axis of abscissa is angle-of-diffraction whenever 2theta (deg) and an axis of 
ordinate is diffraction reinforcement (arbitration reinforcement), with the axis of ordinate, the location 
which serves as the diffraction reinforcement 0 about each 2nd baking pressure is moved. And the 
diffraction peak according [ the diffraction peak according / SBT (008), SBT (105), SBT (110), and SBT 
(200) / to SrBi2Ta 209 (SBT), delta-TaO (001) and delta-TaO (001) ] to the delta phase TaO, the 
diffraction peak according [ Si ] to a silicon substrate, and Pt express the diffraction peak by Pt lower 
electrode among drawing 27 . 

[0079] According to drawing 27 , the polycrystal peak (SBT (008), SBT (105), SBT (110), SBT (200)) of 
SBT has appeared, in the thing of 1Torr, there is no SBT peak and the peak (delta-TaO (001), delta- 
TaO (002)) of TaO has appeared at the thing of 2Torr - 200Torr. and by the thing of 760Torr, the SBT 
peak is broadcloth very much and it is thought that it is the amorphous -like film. According to the 
observation result of this X diffraction, it turns out that the film in which a SBT peak is shown was 
obtained in the range of 2Torr - 200Torr as ambient-gas-pressure force of the 2nd baking. 
[0080] Drawing 28 is a graph which shows change of the film presentation ratio to the ambient-gas- 
pressure force (the 2nd baking pressure) of the 2nd baking, since Ta presentation and Sr presentation 
were not dependent on the 2nd baking pressure and Bi presentation changed to having been about 1 law 
depending on the 2nd baking pressure as a result of [ which depends a SBT film presentation on EPMA ] 
measuring, drawing 28 graph-izes the presentation ratio of Bi/Ta and Sr/Ta. According to drawing 28 , 
by 760Torr, the value of Bi/Ta is almost the same as the presentation ratio (Bi/Ta=2.4 / 2= 1.2) of a 
raw material charge, and 2Torr decreases gently with the fall of the 2nd baking pressure, and it serves 
as stoichiometry (Bi/Ta=1.0) near the 5Torr. 

[0081] And by 1Torr, the value of Bi/Ta is [ the 2nd baking pressure ] small rapidly. It is thought that 
change of such a Bi presentation originates in the volatilization of Bi or the diffusion to an electrode 
having taken place at the time of the 2nd baking, and it is thought that it is the cause by which a big gap 
of such a Bi presentation is the thing of 2nd baking pressure 1Torr, and a ferroelectricity was hardly 
acquired. On the other hand, since Ta presentation and Sr presentation were not dependent on the 2nd 
baking pressure and were almost fixed as above-mentioned, Sr/Ta was also almost fixed and almost the 
same as the presentation ratio (Sr/Ta=1 / 2= 0.5) of a raw material charge. 

[0082] In addition, in the above-mentioned gestalt of the 1st - the 4th operation, although SBT (SrBi2Ta 



209) was used as' an ingredient of a ferroelectric thin film An ingredient is not limited to this and 
besides SrBi2(Ti, Nb)209 which are the compound of Ta or Ti which contains either at least, SrBi4Ti 
4015, ** with desirable SrBi4(Ti, Zr)4015, and these including Sr and Bi SrBi2 </SUB> This invention is 
applicable if it is the bismuth layer structure compound ingredient which can form membranes by a sol 
gel process or the MOD methods, such as Nb 209, Bi4Ti 3012, CaBi2Ta 209, BaBi2Ta 209, BaBi2Nb 
209, and PbBi2Ta 209. 
[0083] 

[Effect of the Invention] In the manufacture approach of the ferroelectric thin film [ according to the 
manufacture approach of the ferroelectric thin film of this invention ] by the sol gel process or the MOD 
method After applying the precursor solution which consists of the component element of a 
ferroelectric thin film material and drying, the heat-treatment for carrying out pyrolysis removal of the 
organic substance component in the film is omitted. By heating in a gas pressure ambient atmosphere 
lower than one atmospheric pressure as the 2nd heat treatment process, after repeating a spreading 
desiccation process several times, considering as predetermined thickness and forming a ferroelectric 
thin film according to the 1st heat treatment process after that The ferroelectric thin film is crystallized 
and low temperature-ization of membrane formation temperature is attained from the conventional 
approach. Furthermore, the film produced by the manufacture approach of the ferroelectric thin film of 
this invention turns into precise film with small particle diameter, and leakage current can obtain the 
small high ferroelectric thin film of dielectric strength. 

[0084] More, in order for the conventional manufacture approach to set, to hardly crystallize upwards in 
the burning temperature of 650 degrees C or less and to acquire a property required as ferroelectric 
random-access memory, 730 degrees C or more needed to be calcinated for the detail, but since low 
temperature-ization of 100 degrees C or more is attained from the conventional manufacture approach 
by the manufacture approach of this invention and property sufficient as memory also with the burning 
temperature of the low temperature of 600 degrees C is acquired, integration using the stack structure 
of ferroelectric random-access memory is attained. 

[0085] Moreover, since the thin film produced by the manufacture approach of the ferroelectric thin film 
of this invention controls a crystal grain child's big and rough-ization, can realize membranous 
eburnation and surface flattening and also fits micro processing, manufacture of a higher-density device 
is realizable. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

["Drawing 1] It is the sectional view of the gestalt of operation of the 1st of the ferroelectric thin film by 
this invention. 

[Drawing 2] It is process drawing showing a part of production process of the ferroelectric thin film of 
drawing 1 . 

[Drawing 3] It is the graph which shows change of the remanence Pr over the 2nd burning temperature 
of the ferroelectric thin film of drawing 1 . 

[Drawing 4] It is the graph which shows change of the coercive electric field Ec to the 2nd burning 
temperature of the ferroelectric thin film of drawing 1 . 

[Drawing 5] It is the graph which shows change of amount of stored charge deltaQ to the 2nd burning 
temperature of the ferroelectric thin film of drawing 1 . 

[Drawing 6] It is the graph which shows change of the remanence Pr over the applied voltage of the 
ferroelectric thin film of drawing 1 . 

[Drawing 7] It is the graph which shows change of the coercive electric field Ec to the applied voltage of 
the ferroelectric thin film of drawing 1 . 

[Drawing 8] It is the graph which shows change of amount of stored charge deltaQ to the applied voltage 
of the ferroelectric thin film of drawing 1 . 

[Drawing 9] It is drawing showing the fatigue property of the ferroelectric thin film of drawing 1 . 
fDrawing 10] It is the graph which shows change of the leakage current at the time of 3V impression to 
the 2nd burning temperature of the ferroelectric thin film of drawing 1 . 

[Drawing 11] It is the SEM photograph of the membranous front face which manufactured 600 degrees 
C and the 2nd burning temperature for the 1st burning temperature as 600 degrees C by the 
manufacture approach of drawing 2 . 

[Drawing 12] It is drawing showing a part of production process of the conventional ferroelectric thin 
film. 

[Drawing 13] It is the graph which shows change of amount of stored charge deltaQ to the 2nd burning 
temperature of the conventional ferroelectric thin film. 

rD rawing 14] It is the graph which shows change of the coercive electric field Ec to the 2nd burning 
temperature of the conventional ferroelectric thin film. 

[Drawing 1 5] It is the graph which shows change of the coercive electric field Ec to the 2nd burning 
temperature of the conventional ferroelectric thin film. 

[Drawing 1 6] It is the graph which shows change of the leakage current at the time of 3V impression to 
the 2nd burning temperature of the conventional ferroelectric thin film. 

[Drawing 17] It is the SEM photograph of the membranous front face which manufactured 600 degrees 
C and the 2nd burning temperature for the 1st burning temperature as 600 degrees C by the 
conventional manufacture approach. 

[Drawing 18] It is the sectional view of the ferroelectric random-access memory of the gestalt of the 
2nd operation by this invention. 

[Drawing 19] It is the sectional view showing a part of production process of the ferroelectric random- 



access memory of drawing 18 . 

fDrawing 20] It is the graph which shows the hysteresis loop when impressing the electrical potential 
difference of 3V to the SBT ferroelectric random-access memory of drawing 18 . 

fDrawing 21] It is the graph which shows the fatigue property of the SBT ferroelectric random-access 
memory of drawing 1 8 . 

[Drawing 22] It is the graph which shows the value change which broke the standard deviation (sigma) of 
amount of stored charge deltaQ to the diameter of the maximum crystal grain of the ferroelectric thin 
film of the ferroelectric thin film of the gestalt of the 3rd operation by this invention by the average 
(deltaQAVE) of amount of stored charge deltaQ. 

fDrawing 23] It is the graph which shows change of the remanence Pr of the film to the ambient-gas- 
pressure force (the 2nd baking pressure) of the 2nd baking of the ferroelectric thin film of the gestalt of 
the 4th operation by this invention. 

fDrawing 24] It is the graph which shows change of amount of stored charge deltaQ to the ambient-gas- 
pressure force (the 2nd baking pressure) of the 2nd baking of the ferroelectric thin film of the gestalt of 
the 4th operation. 

fDrawing 25] It is the graph which shows change of the coercive electric field Ec to the ambient-gas- 
pressure force (the 2nd baking pressure) of the 2nd baking of the ferroelectric thin film of the gestalt of 
the 4th operation. 

fDrawing 26] It is the graph which shows change of the leakage current at the time of 3V impression to 
the ambient-gas-pressure force (the 2nd baking pressure) of the 2nd baking of the ferroelectric thin film 
of the gestalt of the 4th operation. 

fDrawing 27] It is drawing showing the X diffraction pattern of the film to the ambient-gas-pressure 
force (the 2nd baking pressure) of the 2nd baking of the SBT film of the ferroelectric thin film of the 
gestalt of the 4th operation. 

fDrawing 28] It is the graph which shows change of the film presentation ratio to the ambient-gas- 
pressure force (the 2nd baking pressure) of the 2nd baking of the SBT film of the ferroelectric thin film 
of the gestalt of the 4th operation. 
[Description of Notations] 

1 Si Substrate 

2 Si02 

4 Lower Electrode Layer 

5 48 Ferroelectric thin film 

6 Up Electrode Layer 

41 2nd Conductivity-Type Impurity Diffusion Field 
43, 44 t 51, 52 Interlayer insulation film 
45 Memory Section Contact Plug 
47 Lower Electrode 
49 Plate Line 

54 1st Conductivity-Type Silicon Substrate 



[Translation done.] 



